In today's business environment, the trend towards more product variety and customization is unbroken. Due to this development, the need of agile and reconfigurable production systems emerged to cope with various products and product families. To design and optimize production systems as well as to choose the optimal product matches, product analysis methods are needed. Indeed, most of the known methods aim to analyze a product or one product family on the physical level. Different product families, however, may differ largely in terms of the number and nature of components. This fact impedes an efficient comparison and choice of appropriate product family combinations for the production system. A new methodology is proposed to analyze existing products in view of their functional and physical architecture. The aim is to cluster these products in new assembly oriented product families for the optimization of existing assembly lines and the creation of future reconfigurable assembly systems. Based on Datum Flow Chain, the physical structure of the products is analyzed. Functional subassemblies are identified, and a functional analysis is performed. Moreover, a hybrid functional and physical architecture graph (HyFPAG) is the output which depicts the similarity between product families by providing design support to both, production system planners and product designers. An illustrative example of a nail-clipper is used to explain the proposed methodology. An industrial case study on two product families of steering columns of thyssenkrupp Presta France is then carried out to give a first industrial evaluation of the proposed approach.
Introduction
Due to the fast development in the domain of communication and an ongoing trend of digitization and digitalization, manufacturing enterprises are facing important challenges in today's market environments: a continuing tendency towards reduction of product development times and shortened product lifecycles. In addition, there is an increasing demand of customization, being at the same time in a global competition with competitors all over the world. This trend, which is inducing the development from macro to micro markets, results in diminished lot sizes due to augmenting product varieties (high-volume to low-volume production) [1] . To cope with this augmenting variety as well as to be able to identify possible optimization potentials in the existing production system, it is important to have a precise knowledge of the product range and characteristics manufactured and/or assembled in this system. In this context, the main challenge in modelling and analysis is now not only to cope with single products, a limited product range or existing product families, but also to be able to analyze and to compare products to define new product families. It can be observed that classical existing product families are regrouped in function of clients or features. However, assembly oriented product families are hardly to find.
On the product family level, products differ mainly in two main characteristics: (i) the number of components and (ii) the type of components (e.g. mechanical, electrical, electronical).
Classical methodologies considering mainly single products or solitary, already existing product families analyze the product structure on a physical level (components level) which causes difficulties regarding an efficient definition and comparison of different product families. Addressing this
Sustainable development has never been as high on the global agenda as nowadays. Since the development and adoption of the Sustainable Development Goals (SDGs) by the United Nations Development Programme, an enhanced awareness of the need to combat global challenges and work on improving environmental and social well-being and sustaining economic resilience can be observed across continents, countries, corporations and citizens [1] . It is also more evident that businesses are now embracing other ways of addressing sustainability, going from "internal" sustainability considerations, i.e. focusing mostly on internal benefits by creating value for shareholders, to the "external" sustainability considerations, by creating value for customers, societies and other stakeholders [2] . Circular economy (CE) is a new economic and industrial paradigm that offers a myriad of strategies that focus on rethinking businesses, products and systems with main goal of generating economic and social benefits by optimizing and retaining value of resources [3, 4] . CE initiatives can be adopted at a product level (by designing products to allow for their longer use or by facilitating reuse, repair, remanufacture or recycling of products, parts and materials at the end of life) [5] ; at production level (by focusing on material and energy efficiency of processes and by using renewable and non-toxic materials) [3, 4, 6] , and at strategic level (by fostering innovative circular business models and circular supply chain configurations [7, 8] ). Therefore, many authors see CE as a tool for sustainable development that is expected to lead to new employment opportunities, maximized resource efficiency and development of new innovative markets for business growth [4, [9] [10] [11] [12] .
Despite numerous benefits that CE potentially could bring, it is, however, important to note, that not all CE approaches are intrinsically sustainable and not necessarily better than "noncircular" solutions [13] [14] [15] [16] . For example, product leasing is not automatically 'greener' [17] , as it might inspire more frequent product replacement, therefore leading to an increased 
Despite numerous benefits that CE potentially could bring, it is, however, important to note, that not all CE approaches are intrinsically sustainable and not necessarily better than "noncircular" solutions [13] [14] [15] [16] . For example, product leasing is not automatically 'greener' [17] , as it might inspire more frequent product replacement, therefore leading to an increased production. Also, there is a risk of "burden shift" as a reduced impact in one stage of a product's life cycle can induce increased impact in another (e.g. due to excessive use of energy and transport) [14] . For instance, using a mixture of recycled and virgin feedstock in product manufacture can contribute to lower virgin resource consumption in the beginning of product's life; however, it could make recycling at the end of life complicated or impossible, possibly leading to higher energy use and larger fraction of waste generated in the recycling process. It becomes evident that due to the abundance of conceptualizations of CE, the dominant focus on recycling and lack of focus on consumers, supply chain and novel business models as enablers of CE [6, 20, 56] , industrial practitioners are struggling to understand CE and are not aware that CE should be approached from a systems perspective, often requiring fundamental changes [20, 23] . Furthermore, many academics try to contrast CE and sustainability, highlighting that CE stays unclear on its contribution to sustainability, particularly to social well-being [3, 57] . Authors as Sauve et al., [58] explain that CE can be defined as a "bottom-up" approach, while sustainability is a "top-down" approach, reckoning that they ever overlap.
Therefore, in order to ensure a more sustainable transition from linear to CE, micro-level actors (industrial practitioners) need to be supported in the assessment of how particular CE initiatives they are considering will contribute to sustainability. This paper presents the implications of conceptualizing and developing a tool to assess the potential sustainability impact of CE initiatives implementation across a number of business processes in manufacturing companies. The ultimate goal of the sustainability screening tool is to support decision-making process and allow for comparison of different CE initiatives and other improvement initiatives across business processes in their potential contribution to economic resilience, environmental integrity and social well-being prior to actual implementation. The sustainability screening tool employs an indicator-based approach, allowing for the assessment from all the three main angles of sustainability and providing early warning information for decision makers [18, 19] . The sustainability screening tool comprises of the database of sustainability-related key performance indicators (KPIs) charted according to the selected criteria, such as business processes and circular economy strategies, and the corresponding guidelines for KPIs selection. This paper is designated to the development of the KPIs database as one of the main components of the sustainability screening tool for the assessment of circular economy initiative implementation.
This paper is structured in the following way. Firstly, it provides the theoretical background that has influenced the development of the sustainability screening tool and its contextual application (section 2), secondly, it explains the research methodology used to extract indicators to be used as a foundation for the tool (section 3), thirdly, it elaborates on the foreground of the sustainability screening tool, namely identification and classification of key performance indicators (KPIs) (section 4), followed by a discussion on main gaps and particularities of making sustainability assessment in a CE context. Lastly, suggestions for further development and improvements are discussed in the conclusion (section 5).
Theoretical background

Circular Economy initiatives and Business processes
There are more than 100 definitions of CE [20] , that are being suggested and widely used by both academia and governmental and industrial actors around the world. Many authors call CE as a business or economic model [3, 9, 20] , others refer to CE as an industrial system [21] , however most agree that CE aims at fostering economic prosperity and boosting growth by preserving and regenerating environmental quality. CE relies on principles of regenerative and restorative design [21] , industrial ecology [6] , cradle to cradle approach, eco-efficiency and eco-effectiveness, performance economy and the extended producers responsibility [9, 22] , and involves systemic thinking [21, 23] , thus can be understood as a paradigm that creates a relation between pre-existing independent concepts (an umbrella concept) [24] .
The authors of this paper have adopted one of the CE definitions, provided by Ellen MacArthur Foundation, where CE is defined as "… is an economy that provides multiple value creation mechanisms, which are decoupled from the consumption of finite resources" [19] .
CE principles are viewed by majority of authors as "how to" for CE and are sometimes referred to as "initiatives", "strategies" [25] , "resource efficiency strategies" [26] or REstrategies (e.g. reuse, recycle, recover, remanufacture, etc) [27] [28] [29] . In this research, the model for CE strategies proposed by Potting et al., 2017 has been adopted and slightly restructured. The modified model gives a good overview of major existing CE initiatives, gives definitions of each initiative and examples of implementation.
Business processes (BP) are structured activities or tasks that need to be managed to produce a specific valuable outcome (e.g. service or product) [30] . BPs can be seen as a "playground" for delivering the CE initiatives, meaning that CE initiatives can be embedded into different BP to bring desired improvements and potentially contribute to sustainability.
Sustainability assessment
Sustainability assessment (SA) is a process that directs the planning and decision-making towards sustainability [31] . There are different types of sustainability assessment, for example, ex-ante, which helps assessing sustainability impact of current or future actions or initiatives, and post-evaluation, which evaluates the consequences of actions taken [32] . This research presents a SA of an ex-ante type, aiming at "predicting" potential contribution of particular actions to sustainability. Moreover, its purpose is to assess actions' contribution to social well-being, economic prosperity and environmental integrity rather than simply "direction to target", thus enabling decision-makers to determine which actions should or should not be taken [33] . SA of CE initiatives contributes to better understanding of sustainability within CE context, as CE can be seen as a means towards achieving desired sustainability, however, whether CE brings desired effects has to be carefully predicted, monitored and evaluated. The tool to SA in this research is called sustainability screening and is built on an indicator-based approach. The indicatorbased approach for sustainability screening provides a solid, traceable and measurable ground for identifying future consequences of proposed or current CE actions in relation to the economic, environmental and social benefits. Sustainability screening allows companies to apply their data to calculate suitable indicators, thus making a screening of proposed CE actions on their potential sustainability impacts. According to Waas et al., [33] "an indicator is the operational representation of an attribute (quality, characteristic, property) of a given system, by a quantitative or qualitative variable (parameter, measure)…". Indicators enable detection, monitoring, quantification, assessment and interpretation of the systems' status in terms of sustainable progress. In addition, indicators allow comparison of alternatives and highlight potentials for optimization; then can help internal and external benchmarking and be used as a tool to communicate and promote sustainability [33] [34] [35] .
Research methodology
In order to develop an indicator-based sustainability screening tool, a systematic literature review was executed. The main goal of the systematic literature was to identify leading key performance indicators that will form a base for the sustainability screening of CE strategies across different BP. The systematic literature review followed the procedure proposed by [36] consisting of: (1) review planning; (2) review execution and (3) results analysis. The review focused on identification, selection and systematization of leading sustainability related KPIs.
A literature search was performed in the databases Scopus and ISI Web of Knowledge, due to availability of advanced web search mechanisms, high volume of indexed papers and proven relevance in the fields of research [37] [38] [39] . Search strings (title, abstract and keywords) were composed of the main keywords and their synonyms, as follows ("key performance indicator*" OR "metric" OR "index" OR "indices" OR "measure*" OR "indicator*" OR "evaluation") AND ("sustainab*" OR "triple bottom line") AND ("social" OR "environment*" OR "econom*") AND ("business model" OR "product dev*" OR "end of life" OR "supply chain"). The initial set of found literature consisted of 892 documents. The results were further refined by choosing relevant scientific area (engineering, environmental science, economics and social science), so the second set consisted of 665 documents.
The next step was to gradually select relevant literature by screening the title, abstract and keywords, and when reading the introduction and conclusion applying the inclusion criteria. Inclusion criteria the studies must meet are following: a) contain proposition, application or review of a leading indicator for sustainability assessment; b) focus on manufacturing companies or at micro-level (product, process, industry). The final set consisted of 52 publications that also included articles used from the "snowballing technique", i.e. using references' references to develop the search out to all relevant studies. This allowed retrieving around 400 leading sustainability related KPIs. The KPIs were then charted according to such criteria as business processes, circular economy initiatives, and sustainability dimensions and were all registered in an excel database. The characterization was done based on the literature the KPIs were extracted from. For example, product related KPIs were assigned to BP of pre-manufacturing, manufacturing and end of life stages, i.e. following the usual life cycle approach. Supply chain related KPIs were assigned to supply chain BP, business model KPIs were assigned to business model BP. Furthermore, the retrieved KPIs were classified according to CE initiatives and sustainability dimensions. Additional information about each KPI was collected and registered, including name of the KPI, symbol, detailed description of the KPI, how to measure it and unit of measure.
Conceptualizing and developing an indicator-based sustainability screening tool
The KPIs retrieved from the literature are quantitative and leading, or proactive, indicators. The advantage of using leading indicators is that they provide warning in advance and give a good estimation of the potential sustainability impact of the proposed actions [40] [41] [42] . At the same time, lagging, or reactive, indicators help measuring the effect of actions approved and undertaken by the company. Many authors [40, 41] advice using leading indicators for corporate performance measurements, as they provide insight into the organization's potential impact and indicate about future performance, thus assist decision makers with information to introduce improvements in the early stages of decision making. One of the challenges of working with leading KPIs, however, is the level of uncertainty of data needed to calculate the KPIs. Since the decision needs to be taken early in the process, data may not always be accurate or available. Nevertheless, leading KPIs can be used throughout the implementation of the initiative to monitor its performance and to indicate future improvements.
In terms of representation of KPIs according to the three dimensions of sustainability, the largest fraction (about 65 %) of all KPIs retrieved from literature belongs to the environmental dimension, which is also confirmed by other authors working with sustainability indicators [43, 44] . At the same time, the social dimension is "underrepresented" by KPIs, also confirmed by literature [45, 46] . In terms of KPIs distribution according to BP, most of the KPIs are related to the pre-manufacturing stage, which includes inbound logistics and product design and development. The "end of life" BP has also a very good KPIs coverage. This can be explained by the fact that aspects related to the life cycle of a product are very well researched and KPIs are developed, again, with a large focus on environmental part. In terms of business model, many KPIs belong to the economic dimension and only few relate to social and environmental, which several authors had expressed their concern about [2, 47] . Regarding the supply chain BP, many KPIs are available and are very aligned with indicators related to product development, manufacturing, and end of life, however with a gap in social indicators [48] . Despite many KPIs being available for supply chain measurements, literature reports difficulties when it comes to KPI application. Many companies do not have bilateral agreements with all the suppliers in different tiers, thus have no accessibility to their data [48, 49] .
To develop the indicator-based sustainability screening tool, the identified KPIs were classified according to different categories. The classification categories were: the BP, the CE initiatives, and sustainability dimensions.
CE initiatives included in the sustainability screening tool are: reinvent; rethink; reduce impact in raw material, sourcing and product design; reduce impact in manufacturing and logistics; reduce impact in product use and operation; recirculate products and parts by providing: upgrade, repair and maintenance, reuse, refurbish, remanufacture, repurpose options; recirculate materials by providing: recycle, cascade and recover options. BP, included in the sustainability screening tool, are encompassing primary activities, mainly related to life cycle of a product and related services, i.e. product development, manufacturing, closing the loop (end of life), but also business model and supply chain.
An example of a BP that can encompass specific CE is given in figure 1 . Important to emphasize, that CE often requires several configurations of CE initiatives to be introduced in business in sequence or parallel (for example, a business model for leasing or renting a product to give access to more customers, may involve redesign of a product to make it more durable and easier to reassemble in case repair is needed). Some authors [24] stress that implementation and assessment of CE initiatives should shift from singular towards different CE configurations. Sustainability dimensions, the KPIs are also classified according to, are defined as economic resilience, environmental integrity and social well-being, each comprising several categories, which align with international standards and frameworks as shown in the table 1.
These sustainability categories were then unfolded to aspects, allowing to be analyzed by the KPIs, assigned to them. An aspect is defined as an element of an organization's activities, products or services that interacts with the environment, society and other stakeholders (partners, suppliers, employees) [53] . An aspect may trigger a change (impact) in the economy, society or environment, therefore has to be managed responsibly. For instance, "supply chain category" under social well-being dimension has one of the aspects "relationships", which can be assessed with help of several KPIs assigned to it, one is them being "suppliers that affirmed business code of conduct and ethical policy" [54] . Similarly, category "product composure" under environmental integrity dimension has one of the aspects "product circulation", which can be assessed by calculating assigned to it KPI, "product degree of utilization" [55] . [53] GRI IChemE Such hierarchical model (i.e. sustainability dimensioncategory -aspect -KPIs) allows decision makers detect and understand what a specific value of a calculated KPI can signal about in relation to the management of a specific organizational sustainability aspect.
In addition to the classification categories, more information was added to help understanding and interpreting each KPI. Additional information indicates name of the KPI, symbol, detailed description of the KPI, how to measure it and unit of measure. Furthermore, each KPIs is supplemented with an elaborated explanation of the purpose of measuring it and what its measured value can potentially signal about. Also, more information is provided about what benefits a company can potentially achieve by managing a certain aspect, hence improving the value of a certain KPI.
In order to select KPIs, it is important to define the scope for the sustainability screening. The scope can be defined by prioritizing the business process and /or CE initiative that the company wants to introduce and make screening for. Such prioritization allows filtering suitable KPIs for the chosen scope. The filtered set of proposed KPIs can then be reviewed and customized depending on the particularities of the organizational business processes. Despite all the indicators in the tool being referred to as key performance indicators, only the final set of indicators chosen will consist of KPIs that are key for the screening of a particular CE initiative by a particular company. At the same time, other indicators in the tool will not be taken into account, although can still become key indicators if the company decides to change the scope of the screening and select different combination of CE and BP.
An example of the set of KPIs that can be obtained from the screening tool is given in the table 2. In order to arrive at the given set of KPIs, a specific combination of BP and CE strategies was selected. In the example from the table 2 it was assumed that the company wants to introduce remanufacturing of its used products as a part of its business model. Therefore, the business processes "business model" and "end of life management" as well as the CE strategy "remanufacturing" were selected as the scope for the screening that allowed filtering the suitable set of KPIs. Notably, the set of KPIs aims at screening the CE initiative on its potential sustainability impact, but not at assessing the internal business suitability to undertake CE. 
Conclusion and future work
This research is a first attempt to conceptualize and develop a sustainability screening tool to enable assessment of potential sustainability impact of future or current CE initiatives across a number of business processes in manufacturing companies. It is evident that due to the abundance of conceptualizations of CE and various implementation strategies, it becomes challenging for decision makers from industry to identify which initiative would bring more benefits to them and their stakeholders. Moreover, the main goal of many industries is to contribute to sustainable development by introducing improvements into their business processes, including CE initiatives. Therefore, the sustainability screening tool is intended to support industrial practitioners to assess CE strategies before implementation and possibly guide them towards choosing and improving the initiatives that are to benefit to environmental integrity, social well-being and economic resilience.
The main objective of the screening tool is to support decision makers from industry in: selecting suitable KPIs according to the CE initiative or the improvement in a BP that they consider introducing; providing guidelines how to calculate suitable KPIs and then how to interpret their values for sustainability assessment and comparison of different initiatives. Since the sustainability screening tool is under development, there are several considerations to be made in order to improve it. First, most of the retrieved KPIs cover environmental dimension of sustainability, whereas social dimension is underrepresented by KPIs in most CE initiatives and BP. The screening tool can be enhanced by making suggestions of new social KPIs. Second, despite the environmental dimension being most covered, a variety of KPIs need to be redefined with the purpose of addressing the particularities of circular systems and products (for example, the product's lifetime can be lower than industrial average, however the intensity of its use is higher, allowing it to deliver its function many more times than an industrial average). Also, system models for each CE strategy have to be understood and explained to support companies in the selection of suitable KPIs for their CE strategy or BP (for example, system model of remanufacturing process clearly showing when does the process of remanufacturing start and finish and what operations it involves). Third, the KPIs have to be critically analyzed and clarified to allow for transparent and effective interpretation of KPIs and their calculated values (for instance, having a KPI addressing number of locally purchased goods can bias companies to make more focus on local supplies, which are not necessarily "better" than non-local). Fourth, the tool has to be validated by testing it in manufacturing companies. Application of the sustainability screening tool in industry will serve to assess the usefulness of both, the KPIs the screening database comprises of (relevancy and applicability of KPIs) and the screening tool itself (accuracy of delimitation from the database of KPIs).
